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Abstract

The fascial system is a three-dimensional continuum of connective tissues present everywhere throughout the body, from the
head to the toes and from the skin to the bone. The current article aims to review the normal anatomy of the fasciae of the
musculoskeletal system with macroscopic and microscopic correlations and to describe their appearance at MRI in normal
subjects and in patients with autoimmune diseases of the musculoskeletal system.

Key Points

* The fascial system is a three-dimensional continuum of connective tissues.
« It is present everywhere throughout the body, from the head to the toes and from the skin to the bone.

* The normal fascial system is barely visible at MRI.

* MR patterns of fascial involvement in autoimmune diseases reflect the complex anatomy of the fasciae of the

musculoskeletal system.
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Introduction

The fascial system has received little attention in the
literature as it has been regarded as fibrous membranes
barely involved by abnormal conditions [1]. Developments
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in the understanding of the functional anatomy of the
fasciae have led to a unified anatomical concept of a
fascial system present everywhere throughout the body,
from the head to the toes and from the skin to the bone
[2]. The current article aims to review the normal anat-
omy of the fasciae of the musculoskeletal system with
macroscopic and microscopic correlations and to de-
scribe their appearance at MRI in normal subjects and
in patients with autoimmune diseases of the musculo-
skeletal system.

Definition of the fascial system

Fasciae were defined as “masses of connective tissue
large enough to be visible to the unaided eye” accord-
ing to the Grey’s Anatomy textbook [3]. This historical
concept has evolved depending on the variable impor-
tance attributed to the gross or microscopic anatomy, to
the histological composition and to the functions of the
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Fig. 1 Photograph of a transverse section of a cadaver leg after removal
of the subcutaneous fat (arrows) and the muscles of the anterior and deep
posterior compartments (asterisks). Muscles of the lateral compartment
were separated (arrowheads). Colored squares indicate areas that corre-
spond to Figs. 3,4, 5 and 6

fascial system. According to a most recent definition
[2], “the fascial system consists of the three-
dimensional continuum of soft, collagen-containing,

Fig. 2 Schematic drawing of a
transverse section of the thigh
illustrating its fascial anatomy
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loose and dense fibrous connective tissues that permeate
the body. It incorporates elements such as adipose tis-
sue, adventitiae and neurovascular sheaths, aponeuro-
ses, deep and superficial fasciae, epineurium, joint cap-
sules, ligaments, membranes, meninges, myofascial ex-
pansions, periostea, retinacula, septa, tendons, visceral
fasciae, and all the intramuscular and intermuscular
connective tissues including endo-/peri-/epimysium. The
fascial system interpenetrates and surrounds all organs,
muscles, bones and nerve fibers, endowing the body
with a functional structure, and providing an environ-
ment that enables all body systems to operate in an
integrated manner”. This holistic approach emphasizes
the links between all membranous components of the
skeleton from the skin to the periosteum and from the
body to the limb extremities.

Anatomy

In the current review, anatomical dissection of a cadav-
eric leg with histopathological correlation of selected
specimens will be used to illustrate the anatomy of the
fascial system (Fig. 1). Dissections were performed on a
body that had been donated for science research to the
Laboratory of Anatomy of Lille, France, in accordance
with the ethical standards and French law. All histolog-
ical images used in this review are stained with
Masson’s trichrome stain, which stains connective tissue
(collagen) blue.

Fascia superficialis

Deep peripheral fascia

Deep intermuscular fascia

Intramuscular aponeurosis and
connective tissue of the muscles

surrounding nerves and vessels

> Periosteum
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Anatomists, surgeons and radiologists tend to use differ-
ent terms to describe the components of the fascial system
(Fig. 2) [4].

The term “fascia superficialis” is used to designate
either the entire hypodermis or a layer of connective
tissue located immediately deep to the dermis [1, 5].
This layer of connective tissue of variable thickness
(stratum membranosum) is attached through fibrous
tracts to the dermis (retinacula cutis superficialis) and
to the deeper components of the fascial system (reti-
nacula cutis profondis). It is composed by interwoven
collagen fibres, loosely packed and mixed with abun-
dant elastic fibres. Its extent, thickness and topography
vary according to the body segment. In this review we
use the term “fascia superficialis” to designate the
complex formed by this subcutaneous layer of

Fig. 3 a Close-up photograph and (b) photograph of the corresponding
microscopic image (Masson’s trichrome stain) of the subcutaneous tis-
sues of the antero-medial part of the leg (blue square in Fig. 1). Fat lobules
(asterisks) are delimited by connective tissue tracts (arrowheads) an-
chored to the dermis. These tracts of connective tissue converge and
constitute the fascia superficialis (arrows)

connective tissue and the fibrous tracts that connect it
superficially to the dermis and deeply to the underlying
deeper components of the fascial system. The so-called
fascia superficialis constitutes a three-dimensional con-
nective tissue network in the hypodermis that contains
fat lobules and superficial nerves and vessels (Fig. 3).

The term “deep peripheral fascia” designates the lay-
er of connective tissue composed of more tightly
packed collagen bundles located at the interface be-
tween the hypodermis and connective tissue surround-
ing the muscles (epimysium). In some areas the fascia

e KON ?\»"/\ ,

= éiﬂ*\@?a N\ '%\w\g (W Q\/y
=N HNAZR N O RS
Fig. 4 a Close-up photograph and (b) photograph of the corresponding
microscopic image (Masson’s trichrome stain) of the subcutaneous tis-
sues of the lateral part of the leg (yellow square in Fig. 1). The fascia
superficialis (white arrows) and the deep peripheral fascia (arrowheads)
converge to become macroscopically undistinguishable and microscopi-
cally contiguous (black arrows). Superficial nerves (N), arteries (A) and
veins (V) run between the fasciae
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superficialis and deep peripheral fascia are contiguous
(Fig. 4).

The term “deep intermuscular fascia” is used to de-
scribe the intermuscular septa located deep to the deep
peripheral fascia and separating muscles and muscle
groups from each other (Fig. 5). Deep to the muscles
the deep intermuscular fascia is in continuity with the
periosteum (Fig. 6).

According to the most recent definition of the fas-
cial system, fasciae also include identifiable anatomi-
cal structures (retinacula, interosseous membranes, ten-
dons and entheses) and connective tissues specific to
organs like muscles (epimysium and perimysium),

extensor hallucis
longus muscle
(removed)

extensor digitorum
longus muscle
(removed)

Fig. 5 a Close-up photograph and (b) photograph of the corresponding
microscopic image (Masson’s trichrome stain) of the anterior compart-
ment of the leg (red square in Fig. 1). The deep peripheral fascia (white
arrows) and the deep intermuscular fascia (arrowheads) are in continuity
(asterisks). The fascia superficialis (black arrow) closely overlies the deep
peripheral fascia

@ Springer

nerves (epineurium and perineurium) and vessels
(adventitia) [2, 6].

tibialis anterior muscle
(removed)

tibialis posterior muscle
(removed)

Fig. 6 a Close-up photograph and (b) photograph of the corre-
sponding microscopic image (Masson’s trichrome stain) of the
deep posterior compartment and lateral part of the tibia (green
square in Fig. 1). The deep intermuscular fasciae (arrows) be-
tween the tibialis anterior and tibialis posterior muscles are in
continuity (asterisks) with the periosteum of the tibia (arrowheads)
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Fig. 7 Transverse (a) spin echo (SE) T1 and (b) fat-suppressed proton
density (FSPD)-weighted images of the anterior part of the thigh of a 33-
year-old normal subject. On the SE T1-weighted image, the fascia
superficialis (arrows) appears as a thin reticular network of low signal
intensity embedded in the hypodermic fat. The deep peripheral fascia
(arrowheads) is only depicted in areas where fat is present deep to it
(asterisk). On the corresponding FSPD-weighted image, the fascial sys-
tem shows low signal intensity and is almost undistinguishable from the
adjacent fat

Normal MR imaging

The normal fascial system is barely visible at MRI be-
cause of its anatomical configuration and its high con-
nective tissue content (Fig. 7).

The fascia superficialis appears as a thin reticular
network of low signal intensity on spin echo (SE) Tl1-
and T2-weighted images embedded in the hypodermic
fat [7]. It is even less conspicuous on fluid-sensitive
fat-suppressed images. Its extent, thickness and topogra-
phy vary according to the considered body segment
(Fig. 8).

The deep peripheral fascia is generally not visible at
MRI. When it is surrounded by fat on both sides, it
appears as a low signal intensity structure on SE TI1-
and T2-weighted images located deep to the hypodermis
and thicker than the fascia superficialis. Chemical shift
artefact may create pseudo-thickening of the normal

Fig.8 Sagittal SE T1-weighted images of (a) the lumbar spine and (b) the
heel of two different patients. The fascia superficialis (arrows) is well
depicted with fibrous tracts (arrowheads) perpendicular to the dermis
and to the deep peripheral fascia, delineating fat lobules (asterisks).
These attachments vary according to the considered body segment

deep fascia along the frequency encode direction, which
should not be interpreted as abnormal.

The deep intermuscular fascia and the periosteum are
not visible because of the absence of spontaneous signal
contrast between muscles and between muscles and
bone.
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MR patterns of involvement in autoimmune
diseases

Autoimmune disorders of the musculoskeletal fascial
system include numerous diseases such as systemic
sclerosis, systemic lupus erythematosus, eosinophilic
fasciitis, dermatomyositis, polymyalgia rheumatica
and some other mixed connective tissue diseases along
with seronegative and seropositive arthritides. In all
these conditions, the involvement of the fascial system
is highly variable in terms of frequency, selectivity for

Fig. 9 a Axial SE T1-weighted and (b) close-up coronal STIR images of
the thighs of a 43-year-old male with dermatomyositis. The fascia
superficialis of the left thigh (arrows) is thickened with fluid signal
intensity

@ Springer

the components of the fascial system and localization.
Each disease tends to target specific components of the
fascial system with inconstant involvement of the adja-
cent structures.

MRI is the most efficient imaging technique to as-
sess inflammatory changes of the fascial system. The
following non-exhaustive overview of MR patterns of
fascial involvement will be organized according to the
site of involvement and not according to each specific
disease.

Fascia superficialis

MR involvement of the fascia superficialis in active
autoimmune diseases consists of thickening of the hy-
podermic reticular network of the fascia superficialis
with fluid signal intensity (low signal on SE TI1-
weighted images and high signal on SE T2-weighted
images) and enhancement after contrast material injec-
tion. Involvement of the fascia superficialis can extend
deeply and involve the deep peripheral fascia and the
connective tissue of the muscles. Fascia superficialis is
a frequent target of dermatomyositis (Fig. 9).

Deep fasciae

MR involvement of the deep fasciae in active autoim-
mune diseases consists of thickening of the deep periph-
eral fascia between hypodermis and muscles and/or the
deep intermuscular fascia between muscles with fluid

Fig. 10 Axial STIR image of the thighs of a 50-year-old male with eosino-
philic fasciitis. MRI demonstrates bilateral symmetrical diffuse involvement
of the deep peripheral fasciae (arrows) and deep intermuscular fasciae (arrow-
heads), which are thickened with high signal intensity. The fascia superficialis
is barely involved and the signal of the muscles is normal
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Fig. 11 Axial (a) SE Tl-weighted and (b) STIR images of the
thighs of a 52-year-old male with eosinophilic fasciitis treated
for a year. MRI demonstrates thickening (arrows) of the deep
peripheral fasciae with low signal intensity on STIR images
(arrowheads) suggesting fibrosis

signal intensity and enhancement after contrast material
injection. Deep fasciae are the main target of eosino-
philic fasciitis (Shulman’s syndrome) (Fig. 10).

Fig. 12 Coronal (a) SE T1-
weighted and (b) STIR images
and (c) plain X-ray of the right
thigh of a 9-year-old boy with
dermatomyositis. MRI shows
thickening and fluid signal inten-
sity of the deep peripheral fascia
of the lateral part of the thigh (ar-
rows). Plain X-ray demonstrates
diffuse calcifications of the deep
peripheral fascia (arrowheads),
which are not visible at MRI

Involvement of the deep fascia can extend to the adja-
cent structures and involve fascia superficialis, epi- and
perimysium and/or periosteum [8]. Chronic involvement
of the deep fasciae may induce persistent thickening of
the fasciae with low signal intensity on T1- and T2-
weighted images suggesting fibrosis (Fig. 11).
Calcifications of the fasciae in autoimmune diseases
are rare except for calcinosis in juvenile dermatomyosi-
tis and may be difficult to assess with MR (Fig. 12).
Fluid collections are not part of the MR pattern of in-
volvement of the deep fasciae in autoimmune diseases
as opposed to necrotizing fasciitis [9].

Retinacula

MR involvement of the retinacula in active autoimmune
diseases consists of thickening of the retinacula with
fluid signal intensity and enhancement after contrast ma-
terial injection. It may be associated with tenosynovitis
and involvement of the adjacent structures such as peri-
osteum or subcutaneous tissues in seronegative arthriti-
des (Fig. 13). In seropositive rheumatoid arthritis, in-
volvement of the sagittal bands with peritendinitis of
the extensor digitorum tendons is commonly observed
(Fig. 14) [10].

Epi- and perimysium

MR involvement of the connective tissue of the muscles
in active autoimmune diseases consists of ill-defined fluid
signal intensity of the muscle tissues [11, 12]. At MRI, it
may be impossible to distinguish involvement of the con-
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Fig. 13 Axial FSPD-weighted image of the ankle of a 54-year-old male
with psoriatic arthritis. Involvement of the flexor retinaculum (arrows)
and subcutaneous fat (arrowheads) with thickening and fluid-like signal is
associated with effusion of the synovial sheath (tenosynovitis) of the
tibialis posterior and flexor digitorum longus tendons (asterisks)

Fig. 14 Contrast-enhanced fat-suppressed T1-weighted axial image of
the hands of a 29-year-old female with seropositive rheumatoid arthritis.
Peritendinitis of the extensor digitorum tendons of the second digits
(arrows) is associated with thickening and enhancement of the connective
tissue around the tendons and the dorsal parts of the sagittal bands (ar-
rowheads). The term “peritendinitis” seems more appropriate than
“tenosynovitis” as there is no synovial sheath around the extensor ten-
dons at the level of the metacarpophalangeal joints

@ Springer

nective tissue from involvement of the muscle fibres
(myositis) (Fig. 15). These changes may be focal or dif-
fuse and may involve whole muscles or muscle groups
(Fig. 16). Chronic inflammatory involvement may induce
fatty transformation of the muscles with high signal inten-
sity on T1- and T2-weighted images [13].

Periosteum

MR involvement of the periosteum in active autoimmune
diseases consist of thickening with fluid signal intensity and
enhancement after contrast injection of the periosteum
(periostitis). Periosteum can be the main target as in hyper-
trophic osteoarthropathy (Pierre-Marie-Bamberger syn-
drome) (Fig. 17) or accompany involvement of the deep
fasciae or connective tissue of the muscles (Fig. 18).

Fig. 15 a Axial and (b) coronal STIR images of the thighs of a 16-year-
old female with dermatomyositis and anti-TIF 1-y antibodies. MRI dem-
onstrates bilateral symmetrical involvement of the muscles mostly in the
quadriceps and gracilis muscles. Blood level of creatine phosphokinase
(CPK) was normal. At MRI, involved muscles are heterogenous with a
“salt and pepper” pattern in the axial plane (arrowheads) while they
maintain a fibrillar organization with fluid signal intensity (white arrows)
and low signal intensity (black arrows) striations in the coronal plane



Insights Imaging (2018) 9:761-771

769

Fig. 16 Axial fat-suppressed T2-weighted image of the thighs of a
49-year-old female with systemic lupus erythematosus,
antiphospholipid syndrome and normal CPK. Multiple foci of in-
creased signal intensity of the fascial system are depicted and
they are all located at the periphery of the muscles near the deep
fasciae (arrowheads) or near the fibro-muscular interfaces (arrows)
suggesting involvement of the epimysium

Holistic approach of autoimmune disorders
of the musculoskeletal system

Autoimmune inflammatory disorders may involve the
fasciae as well as the other components of the connec-
tive skeleton (Fig. 19). There are however important
variations among these conditions concerning the target
tissue, intensity of the inflammation, type of cellular
infiltrates, their natural history and, finally, their influ-
ence on the adjacent tissue such as the synovium, mus-
cles or bones [14-19].

Fig. 17 a Anterior and posterior
whole-body bone scintigraphy,
(b) axial and (¢) coronal STIR
images of the thighs of a 55-year-
old female with pulmonary neo- 1 g
plasm and hypertrophic
osteoarthropathy. Bone scintigra-
phy demonstrates symmetric lin-
ear increased uptake of tracer
along the diaphysis and
metaphysis of the long bones (ar-
rowheads). MRI confirms perios-
titis with thickening and fluid
signal intensity of the periosteum
of the left femur and to a lesser
degree of the right femur (arrows)

bone scintigraphy

An overview of the most frequent rheumatological disorders
with respect to fascial involvement can be summarized as follows.
In seronegative arthritides, the connective tissue located at the
interface between bones and tendons or capsules, i.e., entheses,
is the target of the inflammatory reaction with predominant in-
volvement of the axial skeleton and sacro-iliac joints in
spondyloarthritis and predominant involvement of the extremities
in psoriatic arthritis (Fig. 20). In seropositive arthritis, the connec-
tive tissue adjacent to the small synovial joints including the apo-
neuroses, retinacula and myo-tendinous junction (Fig. 21) are
involved [20]. In polymyalgia theumatica, the connective tissue
adjacent to the large central joints of the limbs and the paraspinous
areas are involved. In systemic lupus erythematosus as in system-
ic scleroderma, the connective tissue of the upper digestive tract
and lungs are among the main targets but the retinacula, fasciae
and capsule can be involved in a systemic or focal pattern [19].

It remains to be assessed whether the involvement of
synovium, bone and muscles in these disorders results from pri-
mary synovial, bone and muscle diseases or is secondary to the
inflammatory involvement of the fascial system [21].

Conclusion

The fascial system is a complex network of connective tissue
that interconnects all the components of the musculoskeletal
system. The normal fascial system is relatively inconspicuous
at MRI. MR patterns of fascial involvement in autoimmune
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Fig. 18 a Axial and (b) coronal STIR images of the thighs of a 51-year-
old male with polymyositis. MRI demonstrates bilateral symmetrical in-
volvement with myositis of the sartorius and gracilis muscles (asterisks),
fasciitis of the deep fasciae adjacent to sartorius, gracilis and
semitendinosus muscles (arrows) and periostitis mostly on the medial part
of the diaphysis and metaphysis of the femurs (arrowheads)

Fig. 19 Coronal STIR image of
the thighs of a 43-year-old male
with dermatomyositis (same as in
Fig. 9). Involvement of the fascia
superficialis of the medial part of
the left thigh (asterisk) extends to
the adjacent deep peripheral fas-
cia (white arrows). The deep pe-
ripheral fascia of the right thigh
(black arrow) and the
subaponeurotic connective tissues
of the left vastus lateralis muscle
(arrowhead) are also involved

@ Springer
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Fig. 20 Contrast-enhanced fat-suppressed T1-weighted coronal image of
the hand of a 35-year-old male with psoriatic arthritis and dactylitis of the
second digit. MRI demonstrates periostitis of the proximal phalangeal
bone with thickening and enhancement of the periosteum (white arrows)
and osteitis (asterisks). These changes are associated with synovitis of the
metacarpophalangeal and proximal interphalangeal joints (black arrows).
The connective tissue located at the interfaces between tendons, joint
capsules and bone is also involved (arrowheads)
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Fig. 21 Contrast-enhanced fat-
suppressed T1-weighted (a) axial
image of the hands and (b) coro-
nal reformat of the left hand of a
30-year-old female with seropos-
itive non-erosive rheumatoid ar-
thritis. MRI demonstrates inflam-
matory changes of the distal myo-
tendinous junctions of the first
dorsal interosseous muscles (ar-
rows). Lack of synovitis suggests
primary inflammatory involve-
ment of the myo-tendinous junc-
tion. Tenosynovitis of the flexor
digitorum tendons is also seen
(arrowheads)

diseases reflects the complex anatomy of the musculoskeletal
fascial system.
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